Schistosomiasis ranks the second amongst parasitic diseases affecting human. To reduce the incidence of this disease, several strategies were applied including snail control. Chemical control methods have many drawbacks, hence biological control became the concern of many studies. In this study, eight algal species were tested against Biomphalaria alexandrina snails; the intermediate host of Schistosoma mansoni. The bioassay tests revealed that Cystosiera barbata and Dictyota dichotoma were the most effective species, where the LC 50 values were 2200 ppm and 560 ppm consequently. Prolonged exposure to LC 25 (280 ppm) of D. dichotoma resulted in death of snails after two weeks. In addition, alterations in digestive glands of treated snails with LC 5 (220 ppm) and LC 25 (280 ppm) of C. barbata and D. dichotoma, respectively were obvious, as vacuolation of digestive cells were recorded after exposure of snails to LC 5 of C. barbata. Moreover, exposure of snails to LC 25 of D. dichotoma resulted in noticeable vacuolation of digestive cells and degenerated secretory cells; the lumen was nearly disappeared. The maximum elevations in the activities of both aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were observed after 2 weeks of exposure to LC 5 (56 ppm) and LC 15 (660.7 ppm) of D. dichotoma and C. barbata, respectively. The total protein contents of treated B. alexandrina snails were significantly different from that of control group after 2 weeks of exposure to different concentrations of both effective algae. Testing the sublethal concentrations of both effective algae on the Daphnia pulex showed that LC 5 (220 ppm) of C. barbata and LC 15 (168 ppm), LC 25 (280 ppm) of D. dichotoma were the least harmful to these crustaceans.
INTRODUCTION
Schistosomiasis is the most serious form of parasitism by multi-cellular organisms and still on the list of the neglected diseases prioritized by the World Health Organization. This disease affects approximately 240 million people around the world, resulting in an annual mortality of 280,000 people (WHO, 2015) . Five species of schistosomiasis infect man; the most important are Schistosoma mansoni and S. haematobium. In Egypt, the intermediate host of
S. mansoni is Biomphalaria alexandrina, while the intermediate host of S.
haematobium is Bulinus truncatus. It is generally considered that snail control is one of the most rapid and effective means of reducing transmission of parasitic infections. The use of chemical molluscicides leads to toxicity of the non-target organisms and environmental pollution (Oliveira-Filho & Paumgartten, 2000; De Boeck et al., 2004; Mostafa et al., 2005) . These drawbacks of chemical substances directed investigators to natural control, such as predators, parasites, and pathogens. These biological agents possess desirable properties than the chemical molluscicide, besides it can be safely applied (Moazami, 2008) . Saad,.et al Vol. 37, No.2, March. 2017 39 Some studies have focused on biological control such as the use of certain bacterial strains (Wang et al., 2008) , extracts of some fungal species such as
Aspergillus terreus and Penicillium janthinellum (Saad et al., 2015) , and microalgae, e.g. Spirulina platensis (Mostafa and Gawish, 2009 ).
This study aims to evaluate the effect of two algal species; C. barbata and D. dichotoma on the digestive gland of B. alexandrina snails, and the activities of related enzymes, besides total protein contents in the haemolymph of these snails.
MATERIAL AND METHODS

1-Maintenance and rearing of snails:
Adult Biomphalaria alexandrina snails (8-10 mm in diameter) were used in this study. They were obtained from irrigation canals at Abou Rawash area, Giza governorate. They were kept under laboratory conditions (25±2 º C) and fed on fresh lettuce leaves, allowed to acclimatize in the laboratory three weeks before being used in experimental tests.
2-Collection and identification of algal species:
The algae used in this study were 8 species belonging to 3 divisions and 7 families:
Ulva lactuca (Ulvaceae), Cladophora glomerata (Cladophoraceae) from Chlorophyta (Green algae), Jania adhaerens (Corallinaceae), Digenea simplex (Rhodomelaceae) and Liagora farinosa (Nemalionaceae) from Rhodophyta (Red algae) and Sargassum dentifolium, Cystoseira barbata (Sargassaceae) and Dictyota dichotoma (Dictyotaceae) from Phaeophyta (Brown algae). Ulva lactuca and Jania adherens were obtained from Alexandria (Cleopatra Beach in front of Qaitbay Fort), Cystoseira barbata from Matrouh (Mediterranean Sea), Cladophora glomerata from Wadi El Rayan (Fayoum), Liagora farinosa, Sargassum dentifolium, Digenea simplex and Dictyota dichotoma from Hurghada (Red Sea).The tested algae were initially washed thoroughly with sea water to remove sand and any adhering substance, and then washed with fresh water to remove salts, then dried in shade and finely grounded. The dry powder of the experimental algae was stored in clean, dark, and dry cupboard till use. Identification of the algal species was carried out by naked eyes according to Bold and Wynne (1978) and Chapman & Gellenbeck (1983) .
Screening and evaluation tests:
The dry powder of each algal species was used in toxicity tests as aqueous suspension. A series of concentrations (500, 1000, 3000 and 5000 ppm) was prepared on basis of weight /volume using dechlorinated tap water to determine the most potent algae against B.
alexandrina snails.
Three replicates were used, each of ten snails. The exposure period was 24 hours at room temperature. Another group of snails was maintained under the same experimental conditions as a control one. At the end of the exposure period, these snails were removed from each tested concentration, washed thoroughly with dechlorinated tap water and transferred to another clean container containing dechlorinated water for a recovery period of 24 hours. alexandrina of 8-10 mm in diameter.
Each sublethal concentration of each tested algal species was prepared weekly in dechlorinated tap water. A group of 30 adult snails was exposed in three replicates to the tested sublethal concentrations. A control group was maintained under the same experimental conditions. These snails were fed on dried lettuce leaves twice weekly. Dictyota dichotoma algae were randomly selected after 2 weeks of exposure.
Effect of sublethal concentrations
The shell was gently broken, and its fragments were removed carefully using pointed forceps under a dissecting microscope. The digestive gland was carefully separated using fine scissors and immediately fixed in Bouin's solution for 24 hours. Fixed samples were dehydrated, cleared, and embedded in paraffin. Then they were serially sectioned at 5μm and stained with
Haematoxylin and Eosin.
6. Effect of sublethal concentrations of algal species on some haemolymph parameters: The snails were wiped dry with a soft tissue, a small window was scratched in the shell in the vicinity of the heart, the mantle was pierced with a needle and the haemolymph was collected with a pipette to which a small rubber bulb had been attached (Abdel-Kader and Tantawy, 2000) .
Haemolymph was collected from the control and tested snails at the 2 nd week of exposure. In each specified group, the haemolymph of 8 -10 individual snails was pooled in 1 ml Eppendorf tube. All samples from each experimental group were centrifuged at 5000 rpm for 5 min at 4 º C to pellet haemolymph and other particulate materials (Dikkeboom et al., 1988) .
The pellet was discarded and cell -free haemolymph was mixed with sample buffer in a ratio of 4 part of haemolymph: 1 part sample buffer.
Samples were boiled for 5 min at 100 ºC in a water bath. Aspartate and alanine amino transferases (AST and ALT) activities were estimated in the haemolymph of B. alexandrina snails according to the method of Reitman and Frankel (1957) , using reagent kits purchased from Biomerieux chemicals,
France. The developed colour was read on the spectrophotometer at 505 nm.
All enzymes were expressed as units/liter.
Total protein was estimated in the haemolymph according to the method of Bradford (1976) using reagent kits purchased from Biomerieux chemicals, France, depending on the reaction of Bradford dye with protein forming protein Bradford complex. The developed colour was read on the spectrophotometer at 595 nm. It was expressed as g/100 ml. The effect of D. dichotoma in the present study could be attributed to the presence of terpenoids or alkaloids (Peres et al., 2012; Deyab et al. 2016 ).
Moreover, the molluscicidal effect of Cystoseira barbata is due to the presence of alkaloids and saponins as mentioned by Alghazeer et al. (2013) . Francis et al. (2002) reported that the molluscicidal activity of saponins is due to their characteristic detergent effect on epithelial tissues of the snails.
Effect of sublethal concentrations of Cystoseira barbata and Dictyota
dichotoma on survival rate of adult B. alexandrina snails:
2.1.Cystoseira barbata: It was observed from Figure ( 1) that at the 7 th week of exposure, the survival rate of snails exposed to LC 5 (220 ppm) reached 52% compared to 88% for control. Also, it was found that increasing algal concentration to LC 15 (660.7 ppm) caused more reduction in survival rate as it was gradually decreased, reaching 24% after 7 weeks of exposure. For snails exposed to 1100 ppm (LC 25 ), sudden reduction in the survival rate throughout the first 4 weeks of the experiment was recorded. The rate reached to 24% at the 4 th week comparing to 88% for control group. 
Dictyota dichotoma:
The survival rate of adult snails exposed to LC 15 (168 ppm) and LC 25 (280 ppm) decreased to 60% and 64%, respectively, while that of control was 96% at the 2 nd week of the exposure. It was noticed that there was a gradual reduction in the survival rate of snails exposed to LC 5 , by the 6 th week, only 12% of snails were survived comparing to 88% for control group.
Regarding LC 15 , all snails have died at the 5 th week of exposure. Meanwhile, the effect of LC 25 was much more pronounced as no snails survived after 2 weeks (Fig. 2) . The observed elevation of both enzymes is due to tissue damage (Lebsack et al., 1980) or due to increased synthesis or decreased catabolism of such enzymes (Dinman et al., 1963) . On the other hand, the decreased activity of ALT and AST is due to either leakage of the enzyme into extracellular compartments or actual enzyme inhibition. Thus, biochemical impairment led to the deviation of both enzymes activities out of the normal range which finally resulted in lesions of the tissues and disruption of cellular functions (Radwan et al., 1992) .Similar elevation of both ALT and AST was recorded by Saad,.et al Saad et al. (2012) 4.2. Dictyota dichotoma: Table ( alexandrina after one week of exposure (Mantawy et al., 2004) . The decrease in transaminases activities can be attributed to the destructive effect of the tested materials on the enzyme itself (El-Gindy et al., 1991) . Also, decreased energy gained from the diet caused a decrease in the activity of both ALT and AST (Truchli´nski and Grela, 1987) .Similarly, a noticeable decrease in the activities of ALT and AST was stated after exposure of B. alexandrina snails to LC 15 and LC 25 , respectively of Cestrum diurnum plant (Saad et al., 2012) .
On the other hand, total protein showed a significant elevation as it (Table 5) .
Some studies were carried out to evaluate the toxicity of some chemical and plant molluscicides against Daphnia. Brackenbury and Appleton (1997) demonstrated that the toxicity of Agave attenuata plant to Daphnia sp. was lacking or low. Recently, Saad et al. (2015) revealed that exposure of Daphnia pulex to LC 25 of Penicillium janthinellum fungal filtrate resulted in only 10%
death. In addition, no mortality was observed in LC 5 . 
CONCLUSION
It is concluded from the present study that Dictyota dichotoma is more effective than Cystosiera barbata on Biomphalaria alexandrina snails as its LC 50 value was 560 ppm.
RECOMMENDATION
We hope that the present results will provide a starting point of investigations aimed at exploiting more studies on the schistosomiasis control by using other algal species as they contain effective compounds as saponins, alkaloids and terpenoids. 
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